Stereotypies are repetitive actions that are fixed in form and orientation and serve no obvious purpose. Their occurrence in farm animals submitted to intensive husbandry has been interpreted to indicate inadequate environmental design or welfare. Over recent years, detailed descriptive studies have led to a better urxderstanding of the organization and development of stereotypies, particularly in pregnant sows housed in tether stalls. Stereotyped behaviors appear to emerge from elements of initial defensive reactions of animals to their environment. They develop via a progressive narrowing of the behavioral repertoire, until only self-directed behaviors are displayed.
Introduction
Stereotypies are repetitive actions that are fixed in form and orientation and serve no obvious function (CEC, 1983) . The apparent lack of function of these activities differentiates them from other repetitive movements that are 1 Presented as part of a symposium entitled "Indices to Measure Animal Well-Being" at the 77th Annu. Meet. of the Amer. Soc. of Anim. Sci., Univ. of Georgia, Athens, August 15, 1985. 2Many of the ideas developed in this paper have benefited from fruitful discussions with Drs. Greg Cronin and Kathy Carlstead (Dept. of Anita. Husb., Wageningen) and Dr. Don Broom (Dept. of ZooI., Reading). I gratefully acknowledge the advice received from Dr. Keith W. Kelley (Univ. of Illinois, Urbana), who helped in the preparation of the final text. I would like also to express my appreciation to R. M. Bluthe and A. Tazi for help in collecting some of the data reported in this article.
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Received September 23, 1985 . Accepted February 11, 1986 often found in the behavioral repertoire of many animal species, such as body grooming and displays. In humans, stereotypies have long been associated with psychopathology and they are an important and characteristic feature of schizophrenia and early autism. Their relative independence from environmental variation contrasts with the strict dependence on the immediate environment that is characteristic of "cage stereotypies" observed in animals housed in restraining environments with low stimulation. However, stereotypies also have been observed to occur in association with difficult situations, such as abstract school work in children (e.g., Soussignan and Koch, 1985) . In animals, the first descriptions of stereotyped behaviors concerned horses (see Brion, 1964 for a review) and wild animals that were caged (see Meyer-Holzapfel, 1964 for a review). Stereotypies also have been observed to occur in farm animals that are subjected to confinement, e.g., laying hens in battery cages, veal calves in crates and pregnant sows in tethers or stalls. However, because they interfere less with production than other categories of abnormal behavior, such as tail-biting in pigs or intersucking in calves and lambs, they have been relatively neglected.
In the last decade, this situation has changed because of concern about welfare issues in intensive husbandry and the belief that stereotypies are both symptoms of inadequate environmental design and indicators of mental suffering (Kiley-Worthingon, 1977; Dawkins, 1980; Broom, 1983) . As a result, many studies have compared the incidence of stereotyped behavior in relation to housing and(or) management systems in different farm animal species (e.g., Fraser, 1975; Brantas, 1980; Unshelm et al., 1983; Webster and Saville, 1983; Vestergaard, 1984) . These descriptive studies provide evidence on the role of environmental factors in the development of stereotyped behavior, but they do not give much information on either their cause or function. A proper understanding of stereotypies, like any other behavior, cannot advance without a detailed description of the activities involved in the stereotyped behavior and the way in which they are temporally and spatially organized. This paper attempts to evaluate the functional aspects of stereotypies that occur in confined farm animals. These stereotyped behaviors are placed in a more general biological perspective drawn from many different disciplines ranging from applied behavioral sciences to experimental psychology, neurobiology, psychoneuroendocrinology and psychopharmacology.
Measurement of Stereotypies
Stereotyped behaviors are usually labelled by conventional short-hand terms such as pacing and spot-pecking in birds and bar-biting or chain-chewing in sows. By doing so, the observer lumps together several motor acts that have the same physical pattern (e.g., licking, pecking, gnawing or walking) or that lead to the same result (e.g., bar-biting, chain-chewing). Once the behavior is operationally defined, each category can be scored by its frequency and duration. This provides a measure of the influence of different independent variables (e.g., housing conditions, presence or absence of straw) on stereotyped behavior.
In a few instances, a detailed description of the composition of stereotyped sequences has been used, either in the attempt to define stereotypies or in the study of the way they are organized. For. example, for Stolba et al. (1983 ) a stereotypy was a sequence composed of five elements at maximum that were all fixed in orientation and where at least one-half were repeated three or more times in a 30-s assessment period. The general repetitivity of these sequences was accurately quantified using the redundancy measure C, based on information theory. Using this approach, motor patterns defined as stereotypies according to the previously mentioned criteria were found to be more redundant than non-stereotyped activities (Stolba et al., 1983) .
A further refinement in analysis of stereotypies is the use of sequential analysis to assess the order and probability of transition between different elements of a sequence. When examined in this way, stereotypies of pregnant tethered sows were found to be less fixed than was previously thought (Cronin, 1985) . Figure  1 represents the organization of stereotypies of two different sows in the form of flow diagrams. Sow 60 chewed on a chain in a very invariant manner. The first element consisted of picking up the chain and chewing it from the bottom to the top (El); the chain was dropped and rooted down (E2); sham chewing (E3) occurred during attempts to pick up the chain again. In contrast, sow 63 alternated between bar licking (El), tongue licking (E2), sham chewing (E3) and trough licking (E4), with much variability among these elements.
Another important characteristic of stereotypies is the rapid succession of the different elements of a sequence. For the sows studied in detail by Cronin (1985) , each element usually lasted no more than 1 s. For some activities, such as trough licking, the duration went up to about 20 s. Although there has been no attempt to evaluate local rates, i.e., the total number of unitary acts per unit time, it is obvious that they were greatly increased in comparison with the way these activities were performed when they were part of a normal sequence such as feeding, drinking or investigation.
In conclusion, the term "stereotypy" should only be used to refer to repetitive sequences of activities that consist of a few fixed elements carried out at a higher-than-normal rate and occurring in nearly the same order in successive cycles.
Developmental Aspects of Stereotypies
In her impressive series of studies on stereo-DANTZER typies of zoo animals, Meyer-Holzapfel (1964) described in detail the way these activities develop from the early attempts of animals to escape from the cage or the enclosure in which they are confined, and the drastic reduction in the number of behavioral patterns that was apparent in stereotyping individuals. Recent quantitative studies have confirmed that in animals developing stereotypies, there is both a reduction in the diversity of the behavioral repertoire that is displayed by normal animals, and a decrease in the number of the different elements of the behavioral sequences. While sows living in semi-natural conditions exhibit more than 100 different behavioral patterns, this range decreases to 33 in sows housed in stalls (Stolba et al., 1983) . Stereotypies themselves include less than ten different patterns, with a mean number of three to four acts per individual (Cronin and Wiepkema, 1984) . This progressive narrowing of behavioral diversity is also apparent, although at a much faster rate, in pharmacologically induced stereotypies (Lyon and Robbins, 1975) . For example, after injection of amphetamine to rats, complex behavioral chains, or behavior requiring long pauses, are the first to disappear. Behaviors capable of repetition without long pauses dominate the behavioral pattern, and they are soon replaced by shorter and shorter response sequences, such as licking and grooming, until these also disappear, leaving just tremor.
It is interesting to note that even in the case of amphetamine-induced stereotypies, final elements of the stereotyped sequence are not arbitrary but depend on the predominant behavior in the situation. In rats having learned to press a lever to avoid electric shock, stereotypy may consist of repeated lever touching without pressing the lever. In a similar way, investigation of holes in a novel cage is replaced by repetitive nose poking in the same hole. According to this view, stereotypies should develop from the predominant behavioral reactions elicited by the situation to which the animals are confronted. Evidence in favor of this possibility is provided by studies of stereotypies in pregnant sows housed in tethered stalls. The stereotypies that develop after tethering appear to be derived from re-directed aggressive acts elicited by the environment into which animals are placed (Cronin, 1985) . For example, pre-feeding stereotypies are built upon elements of re-directed activities consecutive to thwarted attempts to reach the food trolley (Rushen, 1984) .
Stereotypies develop in four distinct stages following tethering: 1) escape attempts lasting on average 45 rain, 2) a phase of inactivity that lasts about 1 d, 3) a progressive re-appearance of outward-directed activities (16 d) that form the background on which 4) basic stereotypies develop (Cronin, 1985;  figure 2 ). This gradual emergence of stereotypies is also apparent when animals of different parities are considered SOW 60 SOW 63
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Figure 1. Quantitative description of stereotyped sequences in two pregnant, tethered sows. Each element corresponds to a specific motor act (e.g., E3 is sham chewing in both sows, E1 is chain chewing in sow 60 and bar licking in sow 63, see text). Numbers along arrows indicate the percentage of occasions that individual elements succeeded other elements (from Cronin, 1985 , with permission).
(figure 3; Stolba et al., 1983; Cariolet and Dantzer, 1984) . Parity 1 is characterized by frequent and long-lasting periods of drowsiness. In parities 2 and 3, the level of locomotor and investigative activities rises significantly, and some individuals may already display a high frequency of stereotyped behaviors. These behaviors increase in frequency and duration over successive parities. Although not specifically investigated, it is likely that older sows show a more rapid transition from one stage to another than younger sows. In addition, patterns of stereotyped behavior show qualitative changes with increasing parities; self-directed patterns (e.g., sham chewing, head weaving) tend to replace environment-directed stereotypies (e.g., bar or chain biting; Stolba et al., 1983) .
Stage of gestation does not significantly affect incidence of stereotypies (Stolba et al., 1983) , although in sows of fourth and higher parities there is a trend toward a lower incidence of stereotypes during the later stage of gestation. This reduction is certainly related to decreased activity displayed by sows in late gestation (Cariolet and Dantzer, 1984 rebound of stereotyped behavior may occur at farrowing time, which is related to the inability to perform nest-building behavior in conventional crates (Vestergaard, 1984) . During lactation, stereotypies are virtually absent (Stolba et al., 1983) . It is not known whether this is simply due to the presence of piglets, to the hormonal state of lactation, or both.
In conclusion, stereotypies develop via a progressive narrowing of the behavioral repertoire, and the elements from which they are built belong to the original responses of animais to their environment. In the long term, these environment-directed stereotypies are replaced bv self-directed stereotypies.
Causal Factors of Stereotypies
Stereotypies usually develop in situations characterized by restriction of movement Figure 4 . Typical frequency distribution of the different behavioral patterns observed in pigs submitted to a schedule of intermittent food delivery that developed chain chewing during the 4-rain interval between food deliveries. For each behavioral category, each point represents the percentage of time spent by the animal in this activity in a given inter-reinforcement interval.
(limited space or tethering), and by lack of exteroceptive stimulation. Frustration and(or) conflict also has been demonstrated to induce stereotyped behaviors. Hungry hens exposed to food that they could see but not eat displayed escape movements that developed into stereotyped pacing within a few sessions (Duncan and Wood-Gush, 1972) .
The role of frustration or, in more general terms, stress, can be considered by reference to the enormous literature on compulsive behavior elicited by various experimental procedures. These include intermittent distribution of food to hungry animals (adjunctive behavior; Falk, 1971) , electrical stimulation of certain brain areas (stimulus-bound behavior; Valenstein et al., 1970) and mild pinching that is applied to the tail of rats (tail-pinch induced eating; Antelman and Szechtman, 1975) . All of these procedures share a common pathway: the production of an undifferentiated state of arousal or activation that leads to an increase in behavioral activity. Within one or more sessions, this increased activity may be channelled into eating, drinking or other behaviors, depending on environmental factors and predisposition of the animal.
Variability of behavioral responses that may be induced by increased arousal is fully apparent in the case of schedule-induced behaviors. Intermittent distribution of food to hungry animals may result in the development of various activities such as excessive drinking, air-licking, wood-gnawing, wheel-running or aggressive behavior (Falk, 1971) . In addition, two different classes of schedule-induced behavior may be distinguished in the same individual, according to their time allocation. Interim activities predominantly occur at times where food is absent, and they stop before the next food delivery. In contrast, terminal activities occur with maximum probability just before food delivery (Staddon, 1977) . These two classes of schedule-induced behaviors are typically observed in a situation where food delivery is highly predictable, and they correspond to different "moods" of the animal. Behavior belonging to the feeding repertoire (e.g., rooting and licking in pigs) is facilitated when animals are waiting for food, while activities that do not belong to the feeding repertoire (e.g., drinking, chain chewing)emerge when food has already been delivered and its probability of reappearance is low (figure 4). It is, therefore, not surprising that pre-feeding stereotypies may differ from post-feeding stereotypies, as observed by Rushen (1984) in pregnant, tethered sows.
The diversity of stereotypies elicited by the same set of causal factors is typical of developing stereotypies. However, once stereotypies are established, the situation is different and any environmental disturbance, in particular the presence of a human observer, can result in a higher incidence of the prevalent stereotypies. This is usually accompanied by a return to previous invariant stereotypies (Fentress, 1976) .
In frustration or conflict situations involving thwarting of feeding behavior, there is a positive relationship between the amount of food deprivation and the frequency of stereotypies. Pigeons which develop spot-pecking while maintained at 80% of their free-feeding body weight stopped stereotyping within 1 d of free-feeding (Palya and Zacny, 1980) . In a similar way, schedule-induced chain chewing observed in pigs submitted to a schedule of intermittent delivery of food was greatly reduced when they were fed before the test session (Dantzer and Mormede, 1983a) .
Social factors represent another contributing factor to the genesis of stereotypies. Naive pigeons developed stereotypies at a higher rate when placed in visual contact with other birds displaying stereotypes than when placed with non-stereotyping birds (Palya and Zacny, 1980) . The stereotypies that developed by imitation were true stereotypies because they did not disappear when adjacent birds stopped displaying stereotypies. It is likely that the same phenomenon occurs in groups of sows because naive animals are usually housed together with "experienced" sows.
Neural Basis of Stereotypies
Most speculation on the neural basis of stereotyped behavior has been built on pharmacological data showing that psychostimulant drugs induce stereotyped behavior in laboratory animals (Lyon and Robbins, 1975) , in farm animals (Sharman and Stephens, 1974) and in birds (Deviche, 1985) . All these drugs have the common property of interfering with the metabolism of catecholamine neurotransmitters, dopamine and norepinephrine, in the brain. Drugs such as amphetamine are indirect catecholamine agonists, i.e., they release catecholamines from presynaptic storage sites, and these catecholamines are able to act on postynaptic membrane receptors to increase neuronal activity. Other drugs such as apomorphine are direct catecholamine agonists because they act directly at the postsynaptic level, usually by binding to the receptor and mimicking the effect of the endogenous neurotransmitter. Since catecholamines are not diffuse in the brain, but are organized into discrete neuroanatomical pathways, it is possible to assess the role of specific neuronal pathways in the effect of psychostimulant drugs. Many experiments using lesions of specific brain pathways, and local injections of agonists (see Mason, 1984 for a recent review) have related drug-induced stereotypies to brain dopamine neuronal systems, particularly the nigro-striatal pathway, which plays a key role in the selection and initiation of movements. Brain dopaminergic systems also have been implicated in the control of compulsive behavior induced by other experimental procedures, e.g., stressinduced eating (Antelman and Chiodo, 1984) and schedule-induced behavior (Robbins and Koob, 1980) .
In contrast to the literature on pharmacologically induced stereotypies, there are insufficient neurochemical data on natural stereotypies to assess critically the real role of dopamine in the latter. Alterations of brain dopamine metabolism have been found in piglets deprived of suckling and demonstrating stereotyped snoutrubbing (Fry et al., 1981; Sharrnan et al., 1982) , although the possible contribution of nutritional factors to these changes has not been adequately controlled. More puzzling is the observation that the incidence of stereotypies that occur in captive voles was not altered by drugs that interfere with brain dopamine metabolism (Odberg, 1984) . Moreover, pharmacologically induced stereotypies interfered with natural stereotypies, rather than potentiating them.
Even if dopamine or another neurotransmitter were demonstrated to play a role in stereotypies, interpretation of these data should take into account the fact that no transmitter functions independently of the others, and that there are complex interactions between brain neurotransmitters. Several other neurotransmitters, including norepinephrine, serotonin and various peptides, modulate the involvement of dopamine in stress-induced compulsive behavior (Antelman and Chiodo, 1984; Mason, 1984) . A neuronal system of particular interest is represented by endogenous brain opioid peptides (EOP) . There has been much speculation during the past few years on the role of EOP in normal and pathological behavior, both in view of the abundance of these peptides in the brain and the powerful effect they exert on behavior when injected at the periphery or into the brain. The EOP systems are activated in animals submitted to various stressors. This may be demonstrated directly by measuring the release of endorphins in the blood (Guillemin et al., 1977) or indirectly, by measuring increased pain thresholds following exposure to stressors (stress-induced analgesia ; Watkins an6 Mayer, 1982; Akil et al., 1984; Dantzer et al., 1986; figure 5) .
Pregnant, tethered sows were injected with naloxone, a specific blocker of opiate receptor in order to test the hypothesis that endorphins might be involved in stereotypies (Cronin, 1985) . This treatment decreased the frequency of stereotypies (figure 6). Animals were observed to revert to behavioral activities, such as aggressive acts and pressing the nose between bars, that are characteristic of early stages in the T2 TIME Figure 5 . Stress-induced analgesia in pigs. Sensitivity to pain was assessed by latency to tail-flick when tail was immersed into 56 C water. Tail-flick latencies were measured before (TO) the experimental session, just after (T1) and 30 min later (T2). The experimental session consisted of a 2-min placement into a small metallic cage with (Shock) or without (No Shock) AC 12.5 mA electric shock. Control animals were submitted to handling only. Each group consisted of four pigs. Note that both non-painful (No Shock) and painful (Shock) stimuli greatly enhanced tail-flick latencies.
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>= 10 u I ~4 development of stereotypies. The same dose of naloxone did not interfere significantly with normal investigatory behavior of sows exposed to a novel environment. Such results are in general agreement with the evidence in favor of close interactions between EOP and dopamine neurons;endogenous opiates and their receptors are highly localized in the striatal and limbic structures innervated by the dopaminergic neurons of the ventral mesencephalon. In addition, there is an enkephalinergic innervat.ion of the dopamine cell bodies in the substantial nigra and the ventral tegmental area (see Iversen, 1983 for a recent review). Central or peripheral injections of opiate drugs induce hyperactivity and stereotypy consistent with an activation of dopamine neurons and, conversely, behaviors induced by dopaminergic agonists are partially antagonized by naloxone (Moon et al., 1980) . In conclusion, there is good evidence that performance of stereotyped behavior depends on brain dopamine systems involved in the control of movement, and that the intervention of these systems is modulated by other neurotransmitters, particularly endogenous opioid peptides.
Functional Aspects of Stereotypies: A Synthesis
Two main interpretations have been proposed to account for the functional role of stereotypies: 1) a compensatory function, the performance of motor movements in a dull and constant environment would provide enough sensory stimulation to compensate for the lack of appropriate exteroceptive stimulation and 2) a de-arousal function, the performance of stereotyped behavior would enable the animal either to dissipate tension, frustration or anxiety engendered by the situation to which it is confronted, or to switch attention away from this situation. In both cases, stereotypies would represent attempts to cope with an inadequate environment, but the way this is achieved differs according to the interpretation. In the first case, the eliciting situation is supposed to be at the origin of a low arousal level that the animals find aversive; they therefore actively seek means of increasing arousal. In the second case, the environment elicits a state of hyperarousal that is dissipated via the performance of stereotypies.
It is not surprising that most support in favor of the second interpretation comes from experiments that create a state of high arousal using manipulations such as intermittent distribution of food to hungry animals (Killeen et al., 1977) , brain stimulation (Valenstein et al., 1970) or mild stress (Antelman and Szechtman, 1975) . The idea that compulsive or stereotyped behavior reduces arousal can only be tested if a reliable indicator of arousal is available. Several authors have suggested that the plasma levels of pituitary-adrenal hormones may be used for this purpose (Mason, 1971; Hennessy and Levine, 1979; Dantzer and Mormede, 1981, 1983b) . This view offers a very simple way of assessing the functional role of stereotypies: if these activities serve to decrease arousal, then they should lead to a reduction of pituitaryadrenal activity. Conversely, if stereotypies enhance arousal, they should be associated with enhanced plasma levels of cortisol or adrenocorticotropic hormone. The observation that plasma levels of corticosteroids decrease in rats during schedule-induced drinking (Brett and Levine, 1979) and in pigs during scheduleinduced chain chewing (Dantzer and Mormede, 1983a ) would appear to fit the first alternative.
These data are in general agreement with current concepts on coping, according to which, when animals are confronted with real or potential threats, they actively seek to control the situation by engaging in speciesspecific defense reactions (e.g., escape, aggression or freezing) or related behaviors. Strategies that enable the individual to control effectively the situation are accompanied by lower physiological activation than that found in animals exposed to the same aversive stimuli which they cannot control (Dantzer and Mormede, 1983b) . Displacement activities, or re-directed behaviors that appear in a situation of thwarted motivation, would appear to serve the same buffering function in the face of these more diffuse aversive stimuli. This interpretation is appealing but runs into the risk of being too simplistic. The view that stress-induced behavior reduces the aversiveness of the eliciting stimuli may be questioned on the grounds that, if it were the case, such behavior should not be strengthened and maintained once it is triggered. On the bails of the model of stress-induced eating, it has been proposed that the eliciting stimuli simply activate the organism and make it more attentive to external stimuli, some of which may become the objects for oral behaviors. The emergence of oral behaviors could be related to the importance of defensive biting responses in the behavioral repertoire of animals confronted with uncontrollable stressors. Such behavioral acts would then gain strength via the operation of their own controlling factors (Robbins and Fray, 1980) . According to some theorists, this interpreta- Figure 6 . Effect of naloxone on the incidence of stereotypies in pregnant, tethered sows. Stereotypies were recorded for 2 h after injection (based on data from Cronin, 1985) . DANTZER tion is not sufficient to account for the reappearance of the same behavior on subsequent occasions. The probability of the behavioral pattern displayed by the animal should increase only if this behavior has appetitive motivational properties; i.e., if it is rewarding. Activation of one sensory channel is known to interfere with processing of information in other sensory channels. If sufficiently intense, oral activities might effectively reduce the intensity of the perceived stimulus because of the alternative sensory feedback they provide. This would be sufficient to confer rewarding properties on them. However, sensory feedback from oromotor behaviors may also enhance activity in the neural systems controlling these activities (Wayner, 1974) . In this way, they lead to an increased probability of responding, particularly since normal satiety mechanisms are not operational. Evidence for the latter interpretation comes from experimental deafferentation studies showing the crucial role of trigemina] orosensorv information in eliciting and maintaining ingestive behavior sequences (Miller, 1981 ; Zeigler, 1983, 1984) . All the conditions would therefore be met for a positive feedback mechanism in which sensory factors that normally guide behavior trigger a behavioral sequence that becomes self-organized independently of further environmental guidance or any particular motivational state. The enhanced activation elicited by positive sensory feedback would impose the same severe time constraints on the execution of motor acts as the ones seen after amphetamine administration. As a result, motor acts would be reduced to short-duration elements, and at the extreme end of the activation continuum there would be no time left for contact with the initially chosen objects, so that stereotypies would become self-directed.
SALINE NALOXONE
Another important contributing factor may be the sensitization of neuronal elements composing the repeatedly activated neural pathways. There are many candidates for this sensitization process and this is where the endogenous opiate peptides may play a role. Opiate drugs injected into dopaminergic terminal areas in the nucleus accumbens have a biphasic effect on locomotor activity, with suppression followed by hyperactivity. If morphine is injected repeatedly, the suppression shows tolerance, while the hyperactivity response becomes more and more pronounced (Costall et al., 1978) . Moreover, the progressive enhancement of the behavioral response to morphine is environmentally dependent since, when morphine-pretreated animals are given a challenge injection of morphine on the test day in an environment different from the one in which they have been pre-treated, they are not hyperactive (Mucha et al., 1981) . If the same process is triggered by chronic exposure to the stimulus, or the repetition of basic motor acts engendered by this situation, then these data provide a simple explanation for the antagonistic effects of naloxone on stereotypies of sows observed by Cronin (1985) . In addition, sensitization of a given motor system results in the channeling of other sources of arousal than the original ones in the activation of this motor system due to its lower threshold.
In conclusion, stereotypies appear to serve no obvious function besides being the expression of activation engendered by the environment. Behavioral responses energized by this activation depend on the stimuli available and the disposition of the animal. They do not gain strength because of any rewarding properties but simply because of 1) the positive feedback of sensory stimulation engendered by these motor acts on the neural systems that control them and 2) the progressive sensitization of these repeatedly activated neural systems.
Conclusion
During the last decade there has been a growing number of studies on the incidence of stereotypies in relation to housing and management conditions, although less work has been devoted to the behavioral aspects of stereotypies. The most important outcome of this research is the observation that the development of stereotypies is the result of a longterm dynamic process. This process begins with attempts to cope with the environmental situation and it results in the gradual disappearance of organized behavioral activities and the simultaneous emergence of more and more restricted outlines of a limited number of motor patterns carried out in a repetitive and perseverative way. The wealth of descriptive data on stereotyped behavior in farm animals contrasts with the lack of experimental studies. The reasons that animals develop stereotyped patterning of behavioral sequences have, therefore, mainly been based on observational data and have not been experimentally tested.
Present evidence suggests that stereotypies serve no function in relation to the activating environmental situation on which they depend. In particular, they do not serve to reduce this activation, but are simply the expression of it. Drawing upon classical hierarchical concepts of Jacksonian neurology, I propose that the occurrence of stereotypies reflects a cut-off of higher nervous functions coupled with a disinhibition of hypothalamic and brain-stem structures where the basic organization of most motor acts is hard-wired. This view makes superfluous any speculation on the mental state of affected animals because they would be unable to feel any emotion while they are engaged in their stereotypies, but it provides no excuse for the design and use of facilities that result in such abnormal behavior.
